Treatment of swine pepsin with acetylimidazole to acetylate approximately five of its 16 tyrosyl residues causes a significant enhancement of catalytic efficiency (kcat/ Km) toward substrates such as dansyl-glycyl-glycyl-L-phenylalanyl-L-phenylalanine 3-4-pyridyl)propyl ester and benzyloxycarbonyl{glycyl).-p-nitro-L-phenylalanyl-L-tyrosine (where n = 0, 1, 2). Stopped-flow kinetic studies, under conditions of enzyme excess, with the dansyl peptide have shown that, as with untreated pepsin, the rate-limiting step in the over-all catalytic process is associated with the decomposition of the first detectable enzyme-substrate complex, whose dissociation constant is approximately equal to the Km found in steady-state kinetic experiments. With substrates of the type benzoyl(glycyl)nnitro-L-phenylalanyl-L-tyrosine, an increase in the chain length of the peptide leads to an increase in the value of kcat/Km, supporting the view that secondary enzyme-substrate interactions may produce at the extended active site conformational changes that are reflected in higher catalytic efficiency. This effect is more marked with acetyl-pepsin than with untreated pepsin, and suggests that the conformational mobility of the active site is increased by partial acetylation. Acetyl-pepsin is less effective than untreated pepsin in catalyzing transpeptidation reactions in which acetyl-L-phenylalanyl-L-tyrosine and benzyloxycarbonyl(glycyl)n-p-nitro-L-phenylalanine are the reactants; this finding is consistent with the more rapid hydrolysis of the product of transpeptidation.
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Earlier work (1, 2) showed that upon partial acetylation of porcine pepsin with acetylimidazole, the enzyme acquires enhanced catalytic activity toward synthetic peptide substrates such as Ac-Phe-Tyr(12) and Z-His-Phe-Phe-OEt (where Tyr-12 refers to 3,5-diiodo-L-tyrosyl, Z indicates benzyloxycarbonyl, and OEt is ethoxy), but loses activity toward denatured hemoglobin. Under the conditions of the acetylation of pepsin (1, 3, 4) , the principal sites of attack by acetylimidazole are the phenolic hydroxyl groups of several of the 16 tyrosyl residues of the enzyme. It was suggested that the difference in the effect of acetylation upon the peptidase and proteinase activities of pepsin may be a consequence of a change in the conformation of the extended active site (2) . Some support for this view was provided by the observation that the binding of Z-Phe(NO2)-Pol and of Phe(NO2)-Phe-OMe was markedly decreased upon acetylation (5, 6) . [Phe(NO2) refers to p-nitro-L-phenylalanyl, Pol is L-phenylalaninol, and OMe is methoxy. ]
Additional evidence that partial acetylation of pepsin causes a significant conformational change in the enzyme has come from the use of fluorescent probe groups. Thus, under comparable conditions, the fluorescence enhancement observed with Mns-Phe-Phe-OP4P was much greater with acetyl-pepsin than with untreated pepsin (7) . anilino)-2-naphthalene sulfonyl, and OP4P indicates 3-(4-pyridyl)propyl-1-oxy.] Moreover, whereas the addition of pepstatin to an equimolar mixture of pepsin and Mns-NH2 did not alter the fluorescence of the probe, with acetyl-pepsin there was a significant increase in the fluorescence of Mns-NH2 upon the addition of pepstatin. Because Mns-NH2 interacts with a locus distinct from the active site of pepsin, this finding suggests that interaction of pepstatin with the active site had altered the properties of the secondary mansyl-binding site.
The present experiments were designed to examine more closely the effect of acetylation on the properties of pepsin, in order to throw light on the enhancement of its catalytic activity toward oligopeptide substrates. Two lines of investigation are described in this communication: (i) the action of acetyl-pepsin on fluorescent substrates, as measured by stopped-flow kinetics (8) ; (ii) the kinetics of acetyl-pepsin action on substrates known to undergo transpeptidation reactions (9) .
MATERIALS AND METHODS
The porcine pepsin used in the present investigation was obtained from the Worthington Biochemical Corp. (lot PM-2LB) and had a proteinase activity, with hemoglobin as a substrate (10) , of 2700 units/mg. Acetyl-pepsin was prepared in the manner described previously (2) , by treatment with a 40-fold molar excess of acetylimidazole. The resulting lyophilized product (to be referred to as "acetyl-pepsin") had a specific proteinase activity of 700 units/mg, and absorbance measurements (3) indicated that approximately five tyrosine residues per pepsin molecule had been acetylated. A sample of pepsin was subjected to the same treatment, except that acetylimidazole was omitted; this preparation served as a control in experiments with acetyl-pepsin, and had a proteinase activity of 2500 units/mg. This preparation will be referred to as "control-pepsin."
The synthesis of the Dns-Gly-Gly-Phe-Phe-OP4P used in the present investigation has been described previously (11) , where Dns refers to 5-dimethylamino-1-naphthalene sulfonyl. AcPhe-Tyr was obtained from Schwarz/Mann. The compounds listed in Table 1 were prepared by coupling Z-Gly-OSu (OSu refers to N-oxysuccinimido) or Z-Gly-Gly-OSu with Phe(NO2) or Phe(NO2)-Tyr in the usual manner (12) , with a mixture (1:1, vol/vol) of water and 1,2-dimethoxyethane as the solvent; Phe(NO2)-Tyr was obtained by treatment of Z-Phe(NO2)-Tyr (13) with HBr-acetic acid. The yields and properties listed in Table 1 refer to products recrystallized from either ethyl acetate-petroleum ether or tetrahydrofuran-petroleum ether. Chromatographic examination of the products was performed on Eastman silica gel 6061 sheets, with ethyl acetate-methanol (5:3, vol/vol) as the solvent. Melting points are uncorrected. It should be noted that an attempt was made to prepare these compounds by utilizing Phe(NO2)-OEt or Phe(N02)-Tyr-OEt in place of the corresponding unblocked amino acid or peptide (12) or Z-His-Phe-Phe-OEt (1, 2). It may be concluded, therefore, that as with untreated pepsin, the rate-limiting step in the over-all process catalyzed by acetyl-pepsin is associated with the bond-breaking reaction in the transformation of the first detectable enzyme-substrate complex.
To examine the extent to which the ability of pepsin to catalyze transpeptidation reactions is affected by partial acetylation, Ac-Phe-Tyr (10 mM) was used as the substrate, and "acceptors" of the type A-Phe(NO2), where A = Z, Z-Gly, or ZGly-Gly, were used at a concentration of 0.5 mM. The initial rate at pH 4.5 of the decrease in absorbance at 320 nm was determined for acetyl-pepsin and control-pepsin, both at 0.1 mM; the data are given in Table 2 (the data represent the averages of three determinations). It is evident that acetylation of pepsin causes a significant decrease in the initial rate of transpeptidation. Moreover, the derivatives of p-nitro-L-phenylalanine differ considerably in their efficiency as acceptors, Z-Gly-Gly-Phe(NO2) being the least effective of three compounds tested.
It should be noted that, under the above conditions, the initial rates of the hydrolysis of Ac-Phe-Tyr in the absence of added acceptor were 30 i 5 ,M/min for control-pepsin and 64 ± 2 ,aM/min for acetyl-pepsin, as determined by means of the fluorescamine reaction (16) , and that this rate was not measurably altered by the addition of 0.5 mM acceptor. Separate experiments to estimate the Ki values for Z-Phe(NO2), Z-GlyPhe(NO2), and Z-Gly-Gly-Phe(NO2) indicated that they are greater than 10 mM at pH 4.5 and 370 with both acetyl-pepsin and control-pepsin.
In view of the reduced ability of acetyl-pepsin to catalyze the transpeptidation reaction between Ac-Phe-Tyr and acceptors of the type A-Phe(NO2), it appeared likely that the expected products of the reaction, A-Phe(NO2)-Tyr, are hydrolyzed more rapidly by acetyl-pepsin than by control-pepsin. The data in Table 3 support this conclusion, and the enhancement of the rate of hydrolysis of Z-Gly-Gly-Phe(NO2)-Tyr is especially noteworthy.
The marked increase in kcat/Km for the substrates listed in Table 3 , as glycyl residues are attached to the Phe(NO2)-Tyr unit, is qualitatively similar to that observed with other series of pepsin substrates, such as those of the type A-Phe-Phe-OP4P (17, 18) . This enhancement in catalytic efficiency has been attributed to the effect of secondary enzyme-substrate interactions, at a distance from the site of catalytic action, on the conformation of the active site (19, 20) , and has been considered in relation to the contribution of binding energy to the attainment of the transition state in the bond-breaking step of an enzyme-catalyzed reaction (21) . The data in Table 3 suggest that the effect of such secondary interactions on the catalytic rate may be greater in the case of acetyl-pepsin than with the untreated enzyme, and support the view that the conformational -mobility of the extended active site of pepsin has been increased by partial acetylation, possibly by rupture of phenol-carboxylate hydrogen bonds (2) .
The decreased ability of acetyl-pepsin to catalyze transpeptidation reactions between Ac-Phe-Tyr and acceptors of the type A-Phe(NO2) is readily explained by the more rapid cleavage of the transpeptidation products A-Phe(NO2)-Tyr. Further studies are needed to determine whether, in the action 
